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Storage stability of bilayer indicator films containing anthocyanin
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Abstract: Objective: This study aimed to investigate the best
storage conditions for anthocyanin indicator films. Methods: The
double-layer indicator films containing anthocyanins were investi-
gated. The mechanical properties (tensile strength and elongation
at break), thickness, color and antioxidant properties ( DPPH
free radical scavenging ability, total phenol content and ABTS
free radical scavenging ability) of double-layer indicator films
containing anthocyanins were determined at different storage time
0, 7, 14,

—18 C). Results: The results showed that the thickness of the

21, 28 and 35 d) and temperature (25, 4 and

indicator films was generally maintained at about 0.15 mm, and

the color change of the film stored at —18 ‘C was the smallest.
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The antioxidant activities of the films stored at 25 °C were higher
than those stored at 4 and —18 °C , especially the DPPH free rad-
ical scavenging ability was the highest. Conclusion: The optimal
storage temperature of the film is 25 °C, and the optimal storage
time is 28 d.
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Figure 1 The change of elongation at break of indicator

films at different temperatures and time
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Figure 2 The change of tensile strength of the indicator

films at different temperatures and time
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Figure 3 Thickness change of indicator films at

different temperatures and time
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Table 1 The change of L * value of indicator films at different temperatures and time
N . A7 I 8] /d
HEE/°C
7 14 21 28 35
25 41.66+£2.39° 45.3941.08* 46.211+1.09* 47.97+1.21°%  46.214+2.10°*  40.65+3.54"*
4 41.6642.39* 44.7142.26¢ 44.344+0.91*  42.54+1.47°8  42.914+1.51*F  36.19+2.44"7
—18 41.66+£2.39" 39.1843.47" 46.03+£1.76*  44.64+£1.58®  41.17+1.64"®  30.50+E1.12B

T /NG AN [ e 7R A R LR A [R5 8] AR 22 ) 22 57 35 (P <C0.05) 5 K5 5 BE A [R] 3 7% AH [ 8
T[] " A [a] I I JEE 9 e 22 ] 22 57 . 3% (P <20.05) .
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Table 2 The change of a © value of indicator films at different temperatures and time

VA i i/ d

R/ C
0 7 14 21 28 35
25 22.07£1.07*  21.92+0.53**  22.14£0.26**  20.9240.84*"  21.9340.95** 17.8940.43"*
4 22.074£1.07*  19.76£0.77"®  17.90£0.42"® 17.484+1.80"® 15.484+0.84“ 13.8040.61%
—18 22.0741.07¢  21.89+0.42*N 18.2740.62°%  20.3441.28**  19.8140.68*"" 18.9541.39%4

T NG TR R [ 2 % A [ TREE TR AN R R s 1) AR 2 1A 22 5 B 3 (P <C0.05) s KRB P B [ 32 7R A [ I 98
I [) T AS () 6K 3k B (1 AR 22 A 25 5 3 (P <0.05)
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Table 3 The change of 6 value of indicator films at different temperatures and time

N I A7 15 ] / d
i/ °C
7 14 21 28 35
25 —3.07£0.35* —1.01+£0.24"*  0.2340.03 0.8740.2494 1.36+0.16°A 2.09+0.10™
4 —3.074+0.35*° —2.874£0.71°8B —2.7540.13*8 —2.2940.46B —1.274£0.13"8 —1.444-0.21%8
—18 —3.07+0.35° —3.14+0.23*P —2.9440.,35"® —2,51+0.27P —2.5340.31°C —2.4840.45«

T NG FRE R [ 2 % M [ R8T AR [ 0 6 B (8] 9 R i 22 ) 25 5 B 35 (P <C0.05) 5 KB B R [ 32 7% 4 [ I i,
P[] T AS () b R 9 B (1 A 22 1) 25 5 3 (P <<0.05)
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Figure 4 The change of total phenolic content of indica-

tor films at different temperatures and time
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Figure 5 The change of DPPH radical scavenging assay
of indicator films at different temperatures
and time
2.4.3 ABTS A HAETEERAE ST i 181 6 70, B4 I

P[] 9 A2 < L S0 S 6 S )3 R VTR ABTS A i 567
WRAE ) B R TR, 25 C &M I 14 K
WM ABTS [ Hh 33 bR AE a5 BRI .0 9.44 pg/g. b
4 CHI—18 C T Iy e i B w5 1 24.90 % F121.08%6 . 7E B
W3t i Yl 0 B = R R W R B 25 kA AR Ak
B S5 R L A kA B =2 T e R (0 R 3L R
A BETE 2R A 1 R (0 45 4, DT Bl 3 T IR R 5 A
H 2 KR b 2 ) B R AR B 25 C B,

0 25 cm4 ¢ 22 -18 ¢

a

o0

ABTS F f ST B g
ABTS radical scavenging assay/
(ngGAE - g Tl

21 )
86 7inp |
Storage days/d
/NG SRR AN [R) R 7R AR [ TR BE TR O [ Y b ] R 5 22 ] 25 5 R
# (P<20.05) 3 KE FBEA A 2 71 M [ 10580 ARF 5] A 1) 0 5 ik S
H A i 2 [ 22 53 1.3 (P <<0.05)
B 6 45§ BEAE R R E A6 A T ABTS & dk
A ) g T AL
Figure 6 The change of ABTS radical scavenging assay

of indicator film at different temperature

and time

EXHE SEEFENEHETHEENTHREY

JO () 25 4 e A RO AR 5 W B G A 1 AR T R ORI 2%
T P 28 I Y R DA O A5 AR 25 C P 14 d
i) ABTS B f SEVE BR A8 1. AN, R [l IR B I e
35 d J§ ABTS H Hi H: & BRBEJJ AR T8 14 d (Y R E T
R 55 25 5 7K B SR 00 A0 1L A% Tl A Ok

H S R P L L K R0 S A 46 % b e ]
ik T RO S A R R R R T A 1 A b B R R
TR R, NIRRT SRR B A
S i) ) 0 K 9 A L B A R R ABTS P 3 BR
e JI TR . {2 DPPH [ 3L 5 BRfig 1 7. X AT ABJE HH
TR T A AR T 2R L A ol R & 5 K A I — R A
WP T T B B A B B v, A b S Ak M R 1 B
AR TAEH Z Bk R KRR L3485
e ey R T
3 ik

TR 110 0 S e S e B 2 O A 0 3 8 04 A Ak i R
b o TERE AR I 0 A o AL A T B8 L €8 R B A T
7R Ak 55 45 A 7K ORI H il 3300 1 366 J5 445 g i kDL T B
FORILZR M M B e AT 56, EF 5 AN 2 W )2 T 4 BT T 48
71 R Al A 28 Ak, I R OPLBE B R AR R & A i TR
A% S W] R FH 4 4 AL T S A A B A e 21 80 O S
AR T BB 0 2 Vi 4 0 45 AR b & A 1 SRR R

2% 30k

(1] F 2. T 5 T 30 56 R0 v BF Dy 0 6 5 i 7 WK S8 1Y
ML [D]. Kt KA K2, 2019: 10-11.

WANG K C. Research on the freshness-indicating absorbent pad of
chilled meat based on volatile basenitrogen[D]. Tianjin: Tianjin U-
niversity of Science and Technology, 2019: 10-11.

[2] ALIZADEH-SANI M, MOHAMMADIAN E, RHIM J, et al. pH-
sensitive (halochromic) smart packaging films based on natural
food colorants for the monitoring of food quality and safety[J].
Trends in Food Science and Technology, 2020, 105: 93-144.

[3] 2%, BT Z0E ML AE A 2% AT ) B JHC X 8 P g R i 155 38 fif
JE K [D]. HUT.: 71958 K4, 2017: 12,

WANG S. Development of anthocyanin active intelligent packaging
film and its preservation and freshness detection of pork[D]. Zhen-
jiang: Jiangsu University, 2017: 12.

[4] YONG H M, LIU J. Recent advances in the preparation, physical
and functional properties, and applications of anthocyanins-based
active and intelligent packaging films[J]. Food Packaging and Shelf
Life, 2020, 26: 100550.

[5] CHAYAVANICH K, THIRAPHIBUNDET P, IMYIM A. Biocompat-
ible film sensors containing red radish extract for meat spoilage ob-
servation[J]. Spectrochimica Acta Part A: Molecular and Biomolec-
ular Spectroscopy, 2020, 226: 117601.

(F#% 167 1)

129



F&M | Vol.38, No.11

LIN X Y, SUN X. Research progress on anti-aging mechanism of
Rhodiola rosea[J]. Chinese Journal of Gerontology, 2018, 38(13):
3 299-3 300.

[12] B9FRZR, W/NAE, 67748, LLFERAT XIS B 40 PR 97 1 T 52
BB RIT 9] e 58 R 25 K 242412, 2016, 32(5): 456-460.
JIU L J, WEN X H, SHU L. Study on protective effects of salidro-
sides on pancreatic S-cell survival [T].
University of Chinese Medicine, 2016, 32(5): 456-460.

[13] KIM S H, HYUN S H, CHOUNG S Y. Antioxidative effects of

Journal of Nanjing

Cinnamomi cassiae and Rhodiola rosea extracts in liver of diabetic
mice[J]. Biofactors, 2010, 26(3): 209-219.

[14] X374, AR A R0 IR X £ O IR AT B I T ()], B A
FH, 2022(2): 128-130.
DENG C, ZHOU C H. Study on the effect of irradiation on the nu-
trient composition of food[J]. China Food Safety Magazine, 2022
(2): 128-130.

[15] Mok e 2 . £ i 4 R g AR BHG £ it o g 1 (0], B B 5T S OF
%, 2013, 34(15): 109-112.
GENG J N. Food irradiation and its application in food processing[J].
Food Research and Development, 2013, 34(15): 109-112.

[16] FFAL 1, 5KER, K8 0%, 5. 50 BT AN 208 M 4y B HC 2 3 4
P B 5 10 BF 5 2 JRE [T, £ S5 LA, 2018, 34C1D): 161-166, 199.
QI S B, ZHANG L, SONG X P, et al. Research progress on the in-
fluence of irradiation on ginseng active components and pharma-
cological properties[J]. Food & Machinery, 2018, 34 (11): 161~
166, 199.

t  EE R RS RIR B E M A 4 R B I 4 4 R B0 R0

[17] PESCHEL W, KUMP A, HORVATH A, et al. Age and harvest sea-
son affect the phenylpropenoid content in cultivated European
Rhodiola rosea L.[J]. Industrial Crops and Products, 2016, 83:
787-802.

(18] 5K #2, FEhk, ST, 5. 4R N AL JH X ME 15 L1 22 0 1 100 1R
R [I]. & & 5P, 2020, 36(11): 143-147.

ZHANG L, JIANG X, JIN LY, et al. Effect of irradiation on the
hypoglycemic  effect of from  Foramen
betulaeformis[J]. Food & Machinery, 2020, 36(11): 143-147.

(191 XU Z ik, K 8%, 48 7R 5 . 2157 K 52 B 9 I 106 /8 T AT 98 [0). 5

IR 2 A2 24, 2020, 42(2): 21-26.

LIU S X, ZHANG L, CUI C B. Study on the hypoglycemic effect

polysaccharide

of Rhodiola Rosea extract[J]. Journal of Agricultural Science Yan-
bian University, 2020, 42(2): 21-26.

[20] £ 7%, X H. A UK 8 K 48 5 500 % B JR % & TG.TC.LDL-C
1 HDL-C (952 W [J]. W L EE 24, 2016, 38(24): 3 776-3 778.
WANG L, LIU W. Effect of self-made Rhubarb leech mixture on
TG, TC, LDL-C and HDL-C in diabetic patients[J]. Hebei Medical
Journal, 2016, 38(24): 3 776-3 778.

[21] SRIFEMS, #2462, XN, &5 AR R AT 1| BB PR /I R4 3L

AL BRI P R S R R R IR B SE W [1]. KRR =98 5 01 &,
2022, 34(4): 623-629.
ZHANG Z P, XU X J, LIU J R, et al. Effects of vitexin on activity
of antioxidant enzymes and expression of related genes in type 1
diabetic mice[J]. Natural Product Research and Development, 2022,
34(4): 623-629.

(E#E% 129 )

[6] L3, # SCEE, XIHR 5, 5. £ dhis 40k & (0 3 22 8 2 oF 5T it
JE[I]. & ELE, 2021, 42(9): 264-274.

REN S, DONG W X, LIU J F, et al. Research progress on encapsu-
lation of curcumin in food delivery system[J]. Food Science, 2021,
42(9): 264-274.

[7] CEBALLOS R L, OCHOA-YEPES O, GOYANES S, et al. Effect of
yerba mate extract on the performance of starch films obtained by ex-
trusion and compression molding as active and smart packaging[J]. Car-
bohydrate Polymers, 2020, 244: 116495.

[8] BAKOWSKA A, KUCHARSKA A Z, OSZMIANSKI J. The effects
of heating, UV irradiation, and storage on stability of the anthocya-
nin-polyphenol copigment complex [J]. Food Chemistry, 2003, 81
(3): 349-355.

[91 ZHAI X D, ZOU X B, SHI J Y, et al. Amine-responsive bilayer
films with improved illumination stability and electrochemical writ-
ing property for visual monitoring of meat spoilage[J]. Sensors and
Actuators B: Chemical, 2020, 302: 127130.

[10] HE F, KONG Q, JIN Z H, et al. Developing a unidirectionally per-
meable edible film based on K-carrageenan and gelatin for visually
detecting the freshness of grass carp fillets[J]. Carbohydrate Poly-
mers, 2020, 241: 116336.

[11] ZHOU X, YU X Z, XIE F, et al. pH-responsive double-layer indi-
cator films based on konjac glucomannan/camellia oil and carrag-
eenan/anthocyanin/curcumin for monitoring meat freshness [J].
Food Hydrocolloids, 2021, 118: 106695.

[12] RUAN C C, ZHANG Y M, WANG J J, et al. Preparation and an-
tioxidant activity of sodium alginate and carboxymethyl cellulose
edible films with epigallocatechin gallate[J]. International Journal
of Biological Macromolecules, 2019, 134: 1 038-1 044.

[13] BALQIS A M I,KHAIZURA M A R N, RUSSLY A R, et al.
Effects of plasticizers on the physicochemical properties of kappa-
carrageenan films extracted from Eucheuma cottonii[J]. Interna-
tional Journal of Biological Macromolecules, 2017, 103: 721-732.

[14] ADILAH Z A M, JAMILAH B, HANANI I A N. Functional and
antioxidant properties of protein-based films incorporated with
mango kernel extract for active packaging[J]. Food Hydrocolloids,
2018, 74: 207-218.

[15] LIU Z, LIN D H, SHEN R, et al. Characterizations of novel konjac
glucomannan emulsion films incorporated with high internal phase
Pickering emulsions[J]. Food Hydrocolloids, 2020, 109: 106088.

[16] NURIA B, FERNANDO F, PILAR M. Jumbo squid ( Dosidicus
gigas) myofibrillar protein concentrate for edible packaging films
and storage stability[J]. LWT-Food Science and Technology, 2014,
55(2): 543-550.

167



